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. 4 f o r
l Y n i s
Summary
Size and shape of the human body have attracted interest through the centuries
(chapter l). Painters and sculptors have taken measurements for artistic purposes.
Scientists were also interested in the measurements and in the proportions between
measurements for a variety of purposes. William Porter (1862-1949) related body
size to physical health and the scholastic ability. Paul Godin (1860) took 129 meas-
urements of each individual to describe body shape and used ratios of the different
measurements because they would give more information than absolute values do.
Of all the investigators who tried to characterize shape, Medawar (1943) became
best known for his studies of the change in vertical proportions of the individual
Írom 5 months post- conceptional age to adulthood. His figures clearly display the
head-trunk-legs gradient which means that the head is advanced over the trunk and
the trunk over the legs on their way to maturity.
Our study originates from a clinical practice where one is confronted with children
of all ages referred for a variety of growth problems as too short, odd size, strange
shape, too tall. As a lot of reference values are not, or only to a certain extent, avail-
able for Dutch children, up-to-date reference values were needed for children grow-
ing up in the northern parts of the Netherlands.
The following questions arose:
l. What are appropriate characteristics for body size and body shape?
2. How do body size and shape change as a function of age?
3. How should the possible atypicality of an individual in respect to shape be estab-
lished?
The data of this growth study were collected in Oosterwolde, a municipality, cen-
trally positioned in the three northern regions of the Netherlands (chapter 2).
\Íeasurements were obtained from 2,555 healthy children, ranging in ages from 0-19
!'ears, over a two-year period (1979-1980).
The youngest age group, ranging from 0 to 4 years, was seen at an infant health
,-entre, while the older children were measured at school.
Height, sitting height, length of the upper arm, fore arm, hand, tibia and foot were
measured and reflect growth in vertical plane. In Íhe horizontal plane the shoulder
and hip width were studied.
Circumferences of all extremities and of the head were estimated.
{ll measurements were performed according to internationally accepted principles
:o obtain results comparable with previous international investigations (chapter 3).
One of the main problems of this kind of study is the error when taking anthropo-
metric measurements (chapter 4). The intra-observer variability was evaluated wi-
:hin each subgroup, 7l children were chosen at random for complete repetition of
:he measurements by the same observer. This evaluation showed small differences
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in the error of measurement, depending on the kind of measurement. The head cir-
cumference and the length of the lower arm demonstrated the most extreme vari-
ance. Measurement of height showed the smallest errors. The over-all picture
however, indicates a high reproducibility of the measurements.
For the different measurements mean, standard deviation, and percentile values
were calculated as a function of time. Different smoothing techniques were applied
(chapter 5). The study population was divided into a total of 36 age groups: the first
year of age was divided into 4 subgroups of 3 months and each calendar year into
two subgroups of 6 months.
A cubic-spline approximation was used as the ultimate method of estimating the
50th centile line. This required the choice of (k) so-called variable knots and subse-
quent choice of (m) so-called intermediate knots. The latter ones are taken at
equidistant locations between each pair of consecutive variable knots.
Chapter 6 considers the reference values for the separate measurements. Weight,
height, and head circumference are compared with those obtained in other studies
performed in Western Europe and the U.S.A. For the head circumference differ-
ences were found. Within the Oosterwolde study group the results of the measure-
ments at different ages were compared for boys and girls. They reflected earlier
maturation of girls and differences in the peak velocities of the measurements.
In chapter 7, the problem of defining shape was approached as follows:
The sample was partitioned into the 36 age classes. Correlation coefficients with
their confidence limits for pairs of measurements were calculated within each age
class and one mean correlation coefficient was taken from the age of 3 years on-
wards.
Z-values were calculated by taking the individual's measurement subtracted by the
mean value for the same measurement at the same age and divided by the standard
deviation for this measurement at this age. On the basis of these mean correlation
coefficients different approaches were developped to study size and shape.
The joint distribution of the Z-values of two measurements is approximately charac-
terised by bivariate normality. The typicality or atypicality of an individual can be
calculated by means of the squared distance Dz which should follow a X3; distri-
bution.
Ratios of pairs of measurements were used to obtain proportions which could be
used as shape characteristics. In defining the ratios and their standard deviations the
correlation coefficient was used again.
Size can also be characterised by the sum of two Z-values and shape by the differ-
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ence of two Z-values. Corresponding standard deviations were based upon the
correlation coefficients.
Using the mean correlation coefficients ellipses can be constructed comprising 9590
of the individuals. These ellipses open up the possibility to compare graphically the
measurements of an individual with those from the healthy group of children.
It is important to look at both size and shape to evaluate the measurements of a
child and although this study is cross-sectional it is possible to follow the course of
the child's size and shape while growing up.
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